Objective: Apathy is a common negative symptom in schizophrenia. The authors investigated neuropsychological performance and regional brain volumes in schizophrenia patients with high versus low levels of apathy.
cal or right hemisphere damage due to various etiologies (1, 2) . Neuroimaging studies of neurological patients have reported that apathy is associated with a frontal-subcortical circuitry abnormality (3, 4) . Apathy has also been associated with executive dysfunction that is not accounted for by depressed mood, which is again consistent with a frontal-subcortical abnormality (5, 6) .
Apathy is a common negative symptom in schizophrenia that has been associated with poor compliance or poor ability to benefit from treatment (7, 8) . The neurobiological underpinnings of apathy in schizophrenia have not been systematically investigated, although frontal lobe abnormalities have been shown in both structural and functional imaging studies of deficit syndrome schizophrenia (9, 10) . In the present study, we compared schizophrenia patients with low versus high levels of apathy and healthy subjects on neuropsychological tests sensitive to executive and right hemisphere dysfunction; lobar volumes from structural magnetic resonance imaging (MRI) scans were also compared. It was predicted that schizophrenia patients with high apathy levels would perform more poorly on measures of executive function and right hemisphere functioning and would have reduced frontal lobe volume.
Method
Subjects included 18 patients with schizophrenia or schizoaffective disorder exhibiting no or mild apathy (low apathy group), 20 exhibiting moderate to severe apathy (high apathy group), and 12 healthy comparison subjects. Patients were excluded if they had a comorbid axis I diagnosis, history of neurological illness, head injury with loss of consciousness, or systemic illness with potential cognitive sequelae. Apathy grouping was based on score on the apathy subscale of the Scale for the Assessment of Negative Symptoms (SANS) (11) . The low apathy group had scores of 0 or 1, while the high apathy group had scores of 2 or higher. All but two patients were receiving stable doses of medication; four patients were receiving divalproex rather than an antipsychotic. Clinical assessment with the Structured Clinical Interview for DSM-IV, Brief Psychiatric Rating Scale (BPRS), Schedule for Assessment of Positive Symptoms (SAPS), and the SANS was completed with two authors present (L.A.F., T.W.M.); consensus ratings were used. Written informed consent was obtained from all subjects.
Subjects completed neuropsychological examination and structural MRI that used a 1.5-Tesla GE magnet (parameters: spoiled grass sequence, TE=13 msec, TR=38 msec, flip angle=45°, number of excitations=1), which yielded a series of 124 contiguous 1.5-mm coronal slices. Total intracranial and right and left hemisphere volumes for the frontal, temporal and parietal lobes (in cubic centimeters) were calculated by using BRAINS, a standardized semiautomated software package developed at the University of Iowa; detailed methods, including boundary definitions, have been previously reported (12) .
Group differences were analyzed by using analysis of variance (ANOVA), multiple analysis of variance (MANOVA) using Wilks's lambda, and nonparametric statistics as appropriate. Significant ANOVAs were followed by post hoc analyses that used Tukey's least significant difference test. Lobar volumes were adjusted for total intracranial volume by using a regression model, including all participants in the estimation of the relationship between regional volumes and intracranial volume. Two-tailed comparisons with significance level set at p<0.05 were used.
Results
There were no differences between schizophrenia patients with high versus low levels of apathy in terms of age (mean=35. (Figure 1 ). The high apathy and low apathy schizophrenia patient groups both had significantly smaller adjusted volumes than did the comparison subjects in the right temporal lobe (mean=107. 5 
Discussion
In this study, schizophrenia patients with high levels of apathy had poorer visuomotor sequencing and verbal learning and memory, lower performance IQ, and bilateral frontal lobe volume reductions. In contrast, both patient groups performed more poorly than comparison subjects on psychomotor speed and naming, had lower verbal and full-scale IQ scores, and showed bilateral temporal lobe volume reduction, consistent with other studies of schizophrenia (13) . Lack of effort during testing is unlikely to account for these findings, since a generalized cognitive deficit was not found in the high relative to low apathy group. Findings were unrelated to level of depression or overall severity of psychopathology. However, we cannot rule out the possibility that differences in overall negative and positive Impaired sequencing ability in our high apathy group is consistent with prefrontal-thalamus-basal ganglia circuitry involvement in sequencing (14) , the finding of reduced frontal lobe volume in this group, and neuroimaging evidence of disruption of this circuitry in patients with schizophrenia with prominent negative symptoms (10, 15) . The lower performance IQ in the high apathy patients is consistent with studies showing a relationship between right hemisphere integrity and negative symptoms in schizophrenia (15, 16) . The specific cognitive processes through which frontal-subcortical or right hemisphere dysfunction may lead to apathy in schizophrenia remain to be elucidated. Studies of neurological patients have implicated impaired allocation of attention to novel stimuli (17, 18) or disruption of the ability to create internal referents that permit selection of appropriate responses to incoming stimuli (19) as the basis for apathy. Studies of these cognitive processes in relation to apathy in schizophrenia would likely be informative.
In conclusion, results of this preliminary study suggest that apathy in schizophrenia is associated with a frontalsubcortical or right hemisphere abnormality. Further studies with larger sample sizes and more comprehensive neuropsychological test batteries would be helpful in determining the generalizability of these findings. Finally, further evaluation of the structural integrity of frontal lobe subregions may be informative, given that the cingulate gyrus has been particularly associated with apathy in other populations.
